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BALLISTIC  SUMMARY  - 
THE  SCALE  EFFECT  AND  TEE 


part  n 

OGIVE  EFFECT 


1*  For  acme  yt&rs  the  Naval  Proving  Ground  has  been  assiduously 
engaged  in  the  atudy  of  the  penetration  of  armor  by  projectiles.  Pursu¬ 
ance  of  this  work:  to  ccmclus.lv®  results  must  he  predicated  upon  well 
substantiated  theories  defining  the  performances  cf  the  materials  involved 
under  toe  rariouo  possible  conditions. 

2.  Particularly  necessary  in  the  more  inanediately  practical  field 
of  arscor  study  and  evaluation  is  the  need  for  dependable  plate  penetra¬ 
tion  charts  or  tables.  In  1943  Lieut,  A.  V.  Hera hey,  USNH  was  assigned 
the  task  of  preparing  eucfc  charts.  In  prosecution  of  the  assigned  task 
he  conducted  an  exhaustive  study,  employed  for  the  first  time  new  nsethode 
of  attack  and  developed  new  theories  concerning  the  phenomena  incident  to 
the  penetration  of  plates  by  projectiles. 

U.  During  the  latter  years  of  World  War  II,  Lieut.  He  ns  hey  prepared 
a  series  of  nine  reports  which  are  being  published  by  the  Naval  Proving 
Ground  under  titles  as  follows: 

(1)  ANALYTICAL  SUMMARY.  PART  I.  THE  PHYSICAL  PROPERTIES  OF  STS 
UNDEP  TRIAX1LL  STRESS. 

Qoject ;  summarise  the  available  data  on  the  physical  properties 

cf  Clase  3  Armor  and  STS  under  triaxlal  stress. 

(2)  ANALYTICAL  SUMMARY.  PART  II.  ELASTIC  AND  PLASTIC  UNDULATIONS 
IN  ARMOR  PLATE. 

Object :  lo  unalyse  tha  propagation,  of  undulations  in  armor  plate; 
to  sumsarixe  previous  analytical  work  and  to  add  new 
anAl.yti.cal  work  where  required  in  order  to  ooosplete  the 
theory  for  ballistic  applications. 
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(3)  ANALYTICAL  SUMMARY.  PAST  III-  PLASTIC  FLOW  IN  ARMOR  PLATE. 

Object ;  To  analyse  the  plastic  flow  in  armor  plate  adjacent  to  the 
point  of  impact  by  a  projectile. 

(4)  ANALYTICAL  SUMMARY.  PART  IV-  THE  THEORY  OF  ARMOR  PENETRATION- 

Object ;  To  anmnarise  the  theory  of  armor  penetration  in  its  present 
state  of  development,  and  to  develop  theoretical  functions 
which  can  be  used  aa  a  guide  in  the  interpretation  of 
ballistic  data. 

(5)  BALLISTIC  SUMMARY.  PART  I.  THE  DEPENDENCE  OF  LIMIT  VELOCITY 
ON  PLATE  THICKNESS  AND  OBLIQUITY  AT  LOW  OBLIQUITY. 

Object ;  To  compare  the  results  of  ballistic  test  with  the  predic¬ 
tion  of  existing  formulae,  and  with  the  results  of  theoret¬ 
ical  analysis;  to  find  the  mathematical  f  notions  which 
best  represent  the  fundamental  relationship  between  imit 
velocity,  plate  thickness,  and  obliquity  at  low  obliquity. 

(6)  BALLISTIC  SUMMARY.  PART  II.  THE  SCALE  EFFECT  AND  THE  OGIVE 
EFFECT. 

Object:  To  determine  the  effect  of  scale  on  ballistic  performance, 
and  to  correlate  the  projectile  nose  shape  with  the  results 
of  ballistic  teat. 

(7)  BALLISTIC  SUMMARY.  PART  III.  THE  WINDSHIELD  EFFECT,  AND  THE 
OBLIQUITY  EFFECT  FOR  COMMON  PROJECTILES. 

Object :  To  analyse  the  action  of  a  windshield  during  impact,  and 

to  develop  mathematical  functions  which  best  represent  the 
ballistic  performance  of  common  projectiles. 

(0)  BALLISTIC  SUMMARY.  PART  IV.  THE  CAP  EFFECT,  AND  THE  OBLIQUITY 
EFFECT  FOR  AP  PROJECTILES. 

Qb jeot :  To  determine  the  action  of  a  cap  during  impact,  and  to 
gavel  op  mathematical  functions  which  best  represent  the 
ballistic  performance  of  AP  projectiles. 
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(9)  BALLISTIC  SUMMARY.  PART  ¥.  THE  CONSTRUCTION  OF  PLATE  PENETRA¬ 
TION  CHARTS  OR  TABLES. 

Object :  To  summarise  the  results  of  analysis  In  the  form  of  standard 
charts  or  tables. 

4.  Tbs  opinions  and  statements  contained  in  these  reports  are  the 
expressions  of  the  author,  and  do  not  necessarily  represent  the  official 
views  of  the  Naval  Proving  Ground. 


Captain,  USN 
Commanding  Officer 
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NPG  Photo  No.  2976  (APL) .  The  Plate  Penetration  Coeffi¬ 
cient  for  0 0  Obliquity. 

NPG  ihcto  No.  3027  (APL) .  The  Obliquity  Function  B- 

NPG  Photo  no.  3028  (APL).  Cylindrical  polar  coordinates 
of  a  point  on  a  projectile  nose  contour. 

NPG  Photo  No.  3029  (AFL) .  Parameters  of  the  Oglre. 

NPG  Photo  no.  3030  (APL).  2  pdr  and  3"  AP  M79  projectile 

nose  contours. 

NPG  Photo  no.  3031  (APL) .  Frankford  Arsenal  experimental 
Pw.  52,  Dw.  53  and  Dw.  54  projectile  nose  contours. 


Figure  (14) 


NPG  Photo  no.  3<~32  (APL).  Frankford  Arsenal  experimental 
Bw.  55#  Dw,  56,  and  Dw.  57  projectile  nose  contours. 


NPG  Photo  No.  3033  (APL).  Frankford  Arsenal  experimental 
Dw.  58  and  Dw.  59  projectile  nose  contours. 


NPG  Photo  No.  3034  (APL) .  3”  Experimental  flat  nosed  and 

conical  nosed  projectile  contours. 


NPG  Photo  no.  3035  (APL).  4"  Coem  Mfc.  16-1,  5”  Comm  &jk  38-1 

and  5"  Ceram  Mk  46*2  projectile  nos®  contours. 


NPG  Photo  NO.  3036  (APL),  6"  Cam®  Mk.  27-7,  8"  COfmn  Mk..l7-2, 


and  8"  AP  lie  ll~l  projectile  nose  contours. 


NPG  Photo  No.  3037  (APL).  20*0®  AP  C-gGnm-I,  37nra  AP  M51B2, 
and  3"  AP  M61  projectile  nose  contours. 


NPG  Photo  No.  3038  (APL).  3"  AP  Type  A,  3"  AP  Type  A-l 

and  .3"  AP  Mk  29-2  projectile  nose  contours. 


NPG  Photo  NO.  3039  (APL) .  6”  AP  Mk  19-1,  ft"  AP  Mk  19-4, 

y*  AP  Mk  2i-3  projectile  nose  eontourc- 
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NPG  Photo  NO.  3040  (AFL).  8"  AP  m  35-5,  12"  AP  ifc  16-1, 
and  16"  AP  klc  8-6  projectile  nose  contours. 

NPG  Photo  No.  3041  (APL).  14"  AP  Mk  16-2,  14"  AP  Uk  16-4, 
and  14"  AP  yk  10-8  projectile  nose  contours. 

NPG  Shot o  No.  3042  (APL).  The  variation  of  stress  with 
strain  rate. 

NPG  Photo  No.  3043  (APL).  The  ecale  effect. 

NPG  Photo  no.  3044  (APL).  The  depth  of  penetration. 

NPG  Photo  no.  3045  (APL).  The  effect  of  nose  shape  on  the 
depth  of  penetration. 

NPG  Photo  No.  3046  (API,).  The  ogive  effect  at  e/d  <  .5. 

NPG  Photo  NO.  3047  (APL).  The  ogive  effect  et  e/d  >  .5. 
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I  INTRODUCTION 

It  wa8  assumed  for  many  years  by  the  U.  S.  Nary  that  all 
projectile  designs  are  equivalent  in  ballistic  performance  as  long  as 
they  are  unde formed.  This  assumption  was  fully  justified  before  the 
modern  AP  projectile  development  program,  because  there  were  in  reality 
only  minor  variations  in  projectile  design.  The  projectiles  of  recent 
interest  have  varied,  however,  from  cal.  30  small  arms  ammunition  at  one 
extreme  to  flat  nosed  major  caliber  bombs  at  the  other,  and  differences 
in  projectile  design  can  no  longer  be  ignored  in  any  accurate  analysis. 

A  few  of  the  variables  which  enter  into  the  analysis  of  armor 
penetration  are  the  mass  of  the  projectile,  the  diameter  of  the  projectile, 
the  thickness  of  the  plate,  the  shape  of  the  projectile  nose  contour  and 
the  ductility  of  the  plate  material.  The  conditions  of  impest  are  defined 
by  the  obliquity  and  the  striking  velocity.  The  results  of  impact  in  an 
incomplete  penetration  are  summarised  by  the  depth  of  penetration,  which 
is  measured  from  the  tip  of  the  projectile,  at  the  instant  of  maximum 
travel,  to  a  reference  plane  which  is  tangent  to  the  plate  just  outside 
of  the  coronet  but  inside  of  the  dish.  The  results  of  impact  in  a  com¬ 
plete  penetration  are  summarized  by  the  remaining  velocity.  From  the 
results  of  impact  may  be  derived  the  limit  velocity,  or  that  striking 
velocity  which  would  just  put  the  major  portion  of  the  projectile  com¬ 
pletely  through  the  plate  with  zero  remaining  velocity. 

The  individual  values  of  depth  of  penetration  and  limit  velocity 
for  each  impact-  vary  capriciously  from  Impact  to  impact  partly  because  of 
fluctuations  in  plate  quality.  The  average  values  of  depth  of  penetration 
and  limit  velocity  vary  continuously  however  with  th «  dimensions  and  shape 
of  the  projectile. 


The  limit, velocities  for  non-deforming  monobloc  projectiles, 
with  geometrically  similar  combinations  of  plate  and  projectile,  decrease 
on  the  average  with  increase  in  the  dimensions  of  the  platee  or  projectiles. 
The  decrease  in  limit  velocity  with  increase  in  scale  Is  partly  the  result 
of  s  simultaneous  decrease  in  static  tensile  strength.  As  the  plate  thick- 
ness  is  increased,  the  difficulty  of  control  during  manufacture  increases, 
ami  the  thick  plates  ere  usually  heat  treated  to  a  low  hardness  in  order 
to  avoid  brittle  failure  on  impact.  The  limit  velocity  for  a  ductile 
plate-  is  primarily  a  function  of  the  dynamic  tensile  strength  and  a  plate 
may  have  several  limit  velocities,  even  for  the  same  static  tensile 
strength,  if  the  microBtructure  is  varied.  The  existence  of  a  true  scale 


effect  would  duly  be  revealed  by  a  aeries  of  ballistic  tests  with 
geoBjetricelly  similar  moncbloc  projectiles  fired  agalnat  geometrically 
similar  piacee  sliced  from  the  saree  thick  plate.  Such  teste  would 
require  s  difficult  machining  operation. 

An  approximate  estimate  of  the  scale  effect  may  be  derived, 
nevertheless,  from  existing  ballistic  data  for  nondeforming  projectiles 
*31  with  nearly  the  #ar»  noae  shape  but  tested  against  different  plates. 
Correct  ions  may  be  applied  to  the  data  for  small  variat  ions  In  nose 
shape,  but  measurements  of  the  actual  dynamic  tensile  strengths  are  not 
aval lab 1*.  Corrections  for  variations  in  tensile  strength  must  there¬ 
fore  be  based  on  the  assumption  that  the  relationship  between  dynamic 
tensile  strength  nnd  static  tensile  strength  follows  the  general  trend 
for  steels  of  constant  microatrueture.  corrections*  for  tensile  etrengtn 
should  be  applied  only  in  part  to  data  for  plates  whose  hardness  is  near 
the  critical  hardness  for  brittle  failure,  sud  ahould  probably  be  omitted 
altogether  from  comparisons  between  Class  B  armor  and  ST3-  Thus,  sped- 
awns  of  Class  B  armor  have  been  found  by  the  group  at  the  California 
Institute  of  Technology  to  have  nearly  the  same  dynamic  tensile  strong the 
as  spofiiajsns  of  3T3,  even  though  the  etatlc  teneile  strengths  varied  from 
V6000  Ub)/(in)8  for  the  C‘laeB  B  armor  to  116000  (lb) /(In)1  for  the  3TS. 

The  limit  velocity  for  non-deforr ing  pointed  projectiles 
decreases  on  the*  average  as  the  sharpness  of  the  point  la  increased  and 
plate  failure  in  each  impact  occurs  with  the  formation  of  a  star  crack. 
The  limit  velocity  for  non-deforming  round  nosed  projectiles,  on  the 
other  bend,  decreases  on  the  average  as  the  noee  contour  approaches  a 
flat  cylinder,  and  plate  failure  in  each  impact  u.  ally  occurs  with  the 
format iou  of  a  punching  or  plug.  The  existence  of  an  ogive  effect  is 
revealed  by  »  eerie a  of  ballistic  tests  with  monobloc  projectiles  of 
various  nose  shapes  all  fired  against  the  same  plate.  The  number  of  such 
tests  which  have  been  completed  is  sufficient  to  outline  the  general 
trends  of  the  ogive  effect. 

Detail*  of  these  ballistic  data,  which  best  illustrate  the 
scale  effect  and  the  ogive  effect  have  been  released  in  previous  reports, 
references  (i )  to  (3)  but  are  summarised  in  Tables  III  to  Vll  in  the 
present  report. 

A  sera iquantita live  theory  of  armor  penetration  has  been  com¬ 
pleted  for  the  3"  A P  ¥79  projectile,  and  details  of  the  theory  will  be 
released  in  later  rep-  rte.  The  results  of  the  theory  are  used  in  the 
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These  parameters  are  proportional  to  the  kinetic  energy  of  the  projectile 
at  normal  obliquity. 

Ballistic,  performance  may  be  interpreted  with  equal  validity 
in  terns  of  either  of  the  functions  F(e/d,Q)  or  U{*/d,B).  The  projectile 
mass  In  the  function®  in  expressed  in  (lb),  the  projectile  diameter  is 
expressed  in  (ft),  the  plate  thickness  in  (ft),  and'  the  limit  velocity 
in  (ft) /(sec). 


The  scale  effect  for  a  given  projectile  is  best  represented  by 
the  ratio  Iter  between  the  limit  energy  function  for  the  given  projectile 
and  the  limit  energy  function  for  a  3 11  projectile  of  the  same  geometrical 
shape-  The  ogive  effect  is  similarly  represented  by  the  ratio  l+u> 
between  the  limit  energy  function  for  the  given  projectile  and  the  limit 
energy  function  for  a  projectile  of  the  same  caliber  but  with  the  nose 
contour  of  the  3"  AP  U79  projectile.  The  ratio  between  the  limit  energy 
function  for  any  projectile  and  the  limit  energy  function  for  the 
3"  AP  M79  projectile  is  then  equal  to  the  product  (lie ) (l+w) . 

The  limit  energy  function  for  the  standard  projectile  at  low 
obliquity  is  given4  by  the  equation 

U(e/d,H)  =  )$sQco&(J 
d 


in  which  f  ia  a  function  of  e/d  and  0  ie  a  function  of  6. 
f  and  0  are  expressed  graphically  by  Figures  (1)  and  (2j. 
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The  shape  of  a ay  projectile  nose  contour  la  defined  analyti¬ 
cal!;?  .by  a  relationship  between  the  cylindrical  polar  coordinates  r  and 
as  of  a  point  on  the  surface  of  the  projectile.  The  distance  r  le 
sseasursd  from  the  axis  of  the  projectile,  and  the  distance  *  is  measured 
frost  a  plane  perpendicular  to  the  axis,  through  the  tip  of  the  nose.  The 
coordinates  r,  *  are  illustrated  in  Figure  (3) .  The  dimensions  of  the 
nose  contour  are  the  radius  a  of  the  bourn* let,  and  the  length  b  of  the 
nose  from  bourne let  to  tip. 

The  ellipsoid,  the  ogive,  and  the  cone  are  special  cases  of  a 
two- parameter  family  of  surfaces,  whose  general  aquation  is 


si  b  J  /  r  r2 

~(1  “  V  1  -  a-  -  (T-u) — r  ) 
a  a  a  a 

The  two  parameters  in  the  equation  are  b/a  end  a. 

The  equation  for  an  ellipsoid  is 
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for  which  the  value  of  a  ie  sero.  The  ratio  b/a  is  the  ratio  between  the 
saajor  axle  and  the  minor  axis  of  the  ellipsoid. 

The  equation  for  an  ogive*  is 
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’‘'According  to  the  strictest  definition,  the  ogive  is  a  surface  of  revolu¬ 
tion  described  by  the  arc  of  a  single  circle  which  is  tangent  to  the 
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The  ratio  between  the  two  volume  a  ia  given  for  the  approximate  contour 
in  terras  of  a  by  the  equation 
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Values  of  this  ratio  have  bean  computed  for  a  series  of  values  of  a  and 
are  listed  in  Tabla  II.  The  ratio  between  the  two  volume  is  found  for 
the  actual  contour  by  numerical  integration. 

The  values  of  6/a  and  a  for  service  type  project  ilea  were 
found  by  a  process  of  successive  approximations.  FTom  trial  values  of 
6/c  and  a  were  calculated  points  on  a  trial  contour,  which  was  than 
compared  graphically  with  thr>  actual  contour.  The  parameters  were 
readjusted  until  the  distance  between  the  two  contours  was  reduced  to  a 
minimum.  Th®  final  values  for  6/«  and  a  are  listed  in  Table  I  and  or© 
plotted  in  Figure  (4)*  The  final  trial  contours  for  a  few  of  the  projec¬ 
tiles,  are  compared  with  the  actual  contours  in  Figures  (5)  to  (16), 
where  the  trial  contours  are  represented  by  dotted  lines  and  the  actual 
contours  ar®  represented  by  solid  lines. 
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STATISTICAL  ANALYSIS  OF  THE  BALLISTIC  DATA 


Separation  of  the  seal©  effect  and  the  ogive  effect  from  the 
effects  of  variations  in  plat©  quality  requires  a  statistical  analysis 
of  the  ballistic  data. 


If  the  impact  energy  parameter  (/< 


in  any  impact  happens  to  be 


orgy  iieraneiior  uc  in  any  impact  ni 

less  than  the  limit  energy  function  U(e/d,B),  the  impact  is  an  incomplete 
pane  trot  ion,  but  if  the  impact  energy  parameter  U$  happens  to  be  more 
than  the  limit  energy  function  U(?/dt6),  the  impact  is  a  complete  penetra¬ 
tion.  The  ballistic  data  at  major  caliber  scale  usually  consist  of  two 
impacts  on  each  plate,  whose  values  of  Uc  bracket  the  value  of  U(e/d,6). 
The  actual  bracket  may  usually  be  replaced  by  a  narrower  estimated 
bracket,  which  is  based  on  tha  depth  of  penetration  and  the  remaining 
velocity  of  the  projectile.  The  brackets  vary  in  width  from  plate  to 
plate,  and  the  wide  brackets  deserve  less  statistical  freight  than  the 
narrow  brae  tots:. 
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If  the  limit  energy  function  U(e/d,Q)  fluctuates  from  plate  to 
plate  in  accordance  with  the  normal  law  of  errors,  then  the  frequency  of 
occurrence  of  an  individual  deviation  (3  from  the  true  mean  u  for  all 
plates  is  given  by  the  expression 


A  ,-**!>* 

✓  n 


in  which  A  is  the  precision  constant  of  the  fluctuation. 

If  a  pair  of  impacts  at  two  different  values  of  were  repeated 
an  unlimited  number  of  times  on  different  plates,  each  time  with  the  same 
two  values  of  U then  the  value  of  £/(e/d»0)  would  fall  between  the  two 
values  of  Uc  with  a  frequency  equal  to 


in  which  t*  is  the  deviation  of  the  smaller  value  of  U$  from  the  mean 
value  of  U(e/d,Q),  and  t°  is  the  deviation  of  the  larger  value  of 

The  collected  ballistic  data  consist  of  a  group  of  brackets, 
each  with  a  different  pair  of  values  for  U$.  If  a  group  of  n  pairs  of 
impacts  were  repeated  an  unlimited  number  of  times,  each  time  with  the 
same  set  of  values  for  Uc,  then  the  limit  energy  function  would  fall 
between  the  two  values  or  on  every  pair  of  impacts  in  the  group  with 
a  frequency  N  which  is  given  by  the  product 
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in  which  e*  and  e°  are  the  deviations  of  the  two  values  of  Uc  in  the 
kb  u 

pair  of  impacts.  A  particular  group  of  limit  determinations  would  occur 
with  the  gfeatest  frequency  In  that  aeries  of  plates  for  which  A  is  a 
maximum  with  respect  to  variations  in  u  and  A.  The  moat  likely  values 
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of  u  and  k  are  therefore  those  which  satisfy  the  conditions 
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If  e*  is  nearly  equal  to  e®,  these  equations  are  simplified  to  the 
equations 
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in  which  e  is  the  average  of  e*  and  e° .  In  the  limit  with  «*  equal  to 
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e°,  the  equations  are  further  simplified  to  the  conventional  equations 


of  least  squares 
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The  values  of  w  and  A  for  &  particular  group  of  data  are  found  from  the 
above  equations  of  muiimia  likelihood  by  successive  appro* imat lone. 
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Tbs  standard  deviation  of  an  individual  value  of  U(e/d,Q)  from 
the  mean  value  w  is  given  in  terme  of  the  precis  ion  constant  h  by  the 
expression 


1 

sik 


TV  THE  SCALE  EFFECT 

The  instantaneous  velocities  of  all  projectiles,  at  any  partic¬ 
ular  stage  of  penetration,  are  almost,  though  not  quite,  the  name  for 
geometrically  similar  combinations  of  plate  and  projectile.  The  duration 
of  any  stage  of  penetration  varies  therefore  almost  inversely  with  the 
dimensions  of  the  plate  or  projectiles.  The  distributions  of  strain  in 
the  armor  around  the  noses  of  all  projectiles,  at  the  given  etage  of 
penetration,  are  geometrically  similar.  The  strain  rotes  for  all  projec¬ 
tiles  at  the  given  stage  of  penetration,  also  vary,  therefore,  almost 
Inversely  with  the  dimensions  of  the  system.  The  stress  in  the  armor  may 
be  reprowented  as  a  logarithmic  function  of  etrain  rate  in  the  range  of 
etrain  rates  which  occur  during  projectile  impact.  Direct  measurements 
of  the  variation  of  stress  with  strain  rate  for  several  steels  are  plotted 
in  Figure  (17),  The  stress  in  STS  increases  approximately  4%  per  unit 
increase  in  the  natural  logarithm  of  strain  ate,  in  the  range  of  strain 
rates  greater  than  200  (sec)-1. 

The  function  which  was  therefore  chosen  in  1944  by  the  Naval 
Proving  Ground  to  represent  the  relationship  between  the  scale  effect  ct 
and  the  projectile  diameter  d  is  given  by  the  equation 

o  =  -  (.04  ±  ,02)  log  (4 d)  (3) 

Equation  (3)  is  basic  to  NPG  Sk  650.  It  is  represented  in  Figure  (18) 
by  Curve  1. 

The  nearest  approach  to  a  scale  model  of  a  3'*  AP  M79  projectile 
in  STS  1b  represented  by  the  data  in  Table  III  for  tha  cal  ,  60  Expr.  Dw  51 
projectile  in  Plate  No.  N-l.  The  cal  ,60  projectile  has  the  Barne  ogive 
as  the  3"  projectile,  but  differs  in  the  type  of  carrier,  (The  cgl  .60 
projectile  has  a  base  cup,  whereas  the  3**  projectile  has  a  rotating  band.) 
Plate  No,  N-l  wee  a  nickel-chromium  alloy  plate  of  standard  STS  compos J - 
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tion  with  0»27%  carbon.  The  data  for  Plate  No.  N-I  give  a  value  of  a 
which  agrees  accurately  with  the  predictions  of  Equation  {5).  Plate  No.  H-4, 
on  the  other  hand,  was  a  chromium  molybdenum  alloy  plate  with  0.50$  carbon, 
and  the  data  for  Plate  No.  H-4  give  a  larger  value  of  a. 

Values  of  a  have  been  derived  from  the  various  groups  of  data 
in  Tables  III  to  VII,  simultaneously  with  values  of  «.  Tho  average  values 
of  or  are  plotted  for  comparison  in  Figure  (18),  both  with  and  without 
correction  to  a  standard  static  tensile  strength  of  115000  (lb)/(in)2. 

Each  uncorrected  average  value  is  bracketed  in  the  figure  by  a  pair  of 
open  symbols  whose  distance  apart  is  twice  the  standard  deviation  of  the 
mean  value.  The  data  indicate  the  existence  of  a  real  scale  effect,  of 
the  magnitude  predicted  by  theory. 

A  statistical  analysis  has  been  made  of  the  data  in  Table  VII 
for  AP  bombs.  The  ratio  (14c)  (l-H*)),  between  the  limit  energy  function 
for  the  AP  bombs  and  the  limit  energy  function  for  the  3"  AP  M79  projec¬ 
tile,  is  tubulated  in  the  ninth  column  of  the  table.  The  statistical 
weight  to  be  assigned  to  each  ratio  Is  listed  in  the  tenth  column.  The 
ratio  fluctuates  about  a  weighted  tie  an  of  .824  with  a  standard  deviation 
of  .08.  The  precision  constant  of  the  fluctuation  ie  equal  to  9.  Some 
of  the  plates  in  thie  series  raay  have  had  hardnesses  above  the  critical 
hardness  for  brittle  failure,  and  the  raean  value  cf  the  ratio  (l-ta)  (l-iw) 
is  probably  therefore  too  small. 

V  xm  OGIW  EFFECT 

Data  on  the  depth  of  penetration  p  of  projectiles  into  Class  B 
armor  and  STS  have  been  collected  during  routine  ballistic  tests.  The 
average  data  may  be  represented  by  curves  which  express  the  ratio  p/d 
as  a  function  of  the  ratio  v^/v^,  with  a  separate  cum  for  each  value 

of  e/d.  A  study  of  the  data  for  all  projectiles  has  indicated  that,  at 
striking  velocities  near  limit,  tho  penetration  curves  for  two  different 
projectile  shapes  are  nearly  parallel,  and  only  differ  from  each  other 
by  a  constant  difference  in  p/d„  The  curves  for  one  projectile  shape 
may  be  obtained  from  the  curves  for  a  different  shape  by  a  vertical  shift. 

A  set  of  standard  curves  have  been  derived  from  all  the  data,  and  are 
plotted  in  Figure  (19} ,  There  exists  for  each  nose  contour  a  correction  g 
which,  when  added  to  the  value  of  p/d  taken  from  Figure  (19),  gives  the 
correct  mean  value  of  p/d  for  the  given  contour.  A  value  for  g  has  been 
selected  to  represent  each  of  the  projectiles  which  have  been  adequately 
investigated,  and  the  values  of  g  are  listed  in  Table  I. 
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Values  of  tfce  ogive  effect  »  have  been  derived  from  the  various 
groups  of  data  In  Tables  IV  to  VII,  simultaneously  with  values  of  a. 

The  two  most  thoroughly  investigated  monobloc  projectiles  which 
are  listed  in  the  tables  ere  the  uncapped  37mm  AP  M51B2  projectile  end  the 
3"  AP  M79  projectile.  The  ratio  (14<t)  (l-to)  between  the  limit  energy  func¬ 
tion  for  the  3 7mm  projectile  and  the  limit  energy  function  for  the  3"  pro¬ 
jectile  was  found  to  have  a  mean  value  of  1.062  ±  .01  in  a  range  of  e/a 
from  .4  to  1.7.  The  corresponding  value  of  u  is  0.033. 

The  values  of  g  and  w  depend  on  both  the  parameters  b/a  and  a. 
Thus,  the  8"  AP  Mk  19-1  projectile  and  the  6"  AP  Mk  19-4  projectile  have 
nearly  the  name  values  of  b/a,  but.  entirely  different  values  of  g.  Simi¬ 
larly  the  3"  Expr.  Dw  53  projectile  and  the  3"  Expr.  Dw  55  projectile  both 
have  nearly  equal  values  of  w  which  are  distinctly  not  zero,  yet  the  values 
of  b/a  for  these  two  projectiles  straddle  the  value  of  b/a  for  the  3" 

AP  M79  projectile.  If  the  points  in  a  plot  of  a  vs  b/a  such  as  Figure  (4) 
be  marked  with  the  average  values  of  g  or  w  for  each  projectile,  then  it 
is  found  that  series  of  contours  of  equal  ballistic  performance  may  be 
drawn  in  the  plot  which  are  not  inconsistent  with  the  data  collected  to 
date.  Each  of  the  contours  of  equal  ballistic  performance  crosses  the 
axis  a  =  0  at  a  value  of  b/a  equal  to  the  ratio  of  major  axis  to  minor 
axle  for  that  ellipsoid  which  would,  have  the  same  ballistic  properties  as 
another  projectile  on  the  same  contour.  The  ratio  b*/ a  of  the  major  axis 
to  the  Biinor  axis  for  the  equivalent  ellipsoid  ie  expressed  empirically 
in  terms  of  the  parameters  b/a  and  a  for  the  actual  projectile,  by  the 
equation 


b 

a 


V  1-  1.2a  +  .6a2 


(4) 


Values  of  b*/ a  for  various  proj net  Ilea  are  listed  in  Table  I,  and  one 
contour  of  equal  ballistic  performance  has  been  plotted  in  Figure  (4). 
The  penetration  parameter  g  and  the  ogive  effect  <«>  are  plotted  against 
b*/a  in  Figures  (20)  to  [22).  Inspection  of  the  figures  shows  that  the 
ballistic  performance  varies  consistently  with  b*/a. 
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The  ratio  1-biS,  between  the  limit  energy  function  for  a  pointed 
projectile  and  the  limit  energy  function  for  the  standard  projectile, 
was  found  to  decrease  with  increase  in  £>V°»  at  a  rate  which  varied  with 
e/d.  The  rate  of  variation  of  1+w  with  o*/a  at  0°  obliquity  was  appar¬ 
ently  nero  at  some  value  of  e/d  between  .244  and  .65,  and  increased  with 
increase  in  e/d. 

The  ratio  l+u>,  between  the  limit  energy  function  for  e  blunt 
projectile  and  the  limit  energy  function  for  the  standard  projectile, 
was  found  to  decrease  with  decrease  in  b*/a . 

The  properties  of  the  ogive  effect  for  a  pointed  projectile 
in  a  thick  plate  may  be  interpreted  in  terms  of  the  plastic  flow  of  the 
plate  materiel  adjacent  to  the  point  of  impact.  A  disturbance  in  the 
interior  of  a  solid  medium  ie  propagated  by  two  waves  which  move  with 
different  velocities.  The  leading  wave  is  a  compressional  or  longitud¬ 
inal  wave,  while  the  trailing  wave  ia  an  equivoluminal  or  transverse 
wave.  The  velocity  of  propagation  of  the  longitudinal  wave  ie  determined 
primarily  by  the  bulk  modulus,  while  the  velocity  of  propagation  of  the 
transverse  wave  is  determined  by  the  rate  of  work  hardening.  A  longi¬ 
tudinal  wove  originates  at  the  surface  of  the  Projectile,  but  both 
longitudinal  waves  and  transverse  waves  are  reflected  wherever  the  longi¬ 
tudinal  wave  reaches  a  free  surface.  The  velocity  of  propagation  of  a 
longitudinal  wave  is  everywhere  greater  than  the  velocity  of  the  projec¬ 
tile,  whereas  the  velocity  of  propagation  of  a  transverse  wave  ia  zero 
at  a  distance  of  approximately  one  tenth  caliber  from  the  surface  of  the 
impact  hole,  but  increases  with  distance  from  the  impact  hole  to  a 
velocity  greater  than  the  velocity  of  the  projectile.  There  is  a  zone 
next  to  the  impact  hole  which  is  reached  only  by  the  longitudinal  wave. 

The  plastic  flow  in  this  zone  is  nearly  irrotat ional,  but  the 
transverse  waves  at  a  distance  from  the  point  of  impact  are  able  to 
maintain  the  plate  material  in  a  state  of  equilibrium.  The  plastic 
energy  which  would  be  required  in  the  limiting  case  of  pure  irrotat ional 
flow,  has  been  found  by  calculation  to  be  greater  than  the  energy  which 
would  be  required  in  the  limiting  case  of  pure  equilibrium  flow,  by  an 
amount  which  la  zero  at  an  e/d  of  0,5,  but  increases  with  increase  in  e/d. 
Appro* imately  half  of  the  plastic  work  on  the  medium  in  a  plate  of  caliber 
thickness  ie  actually  performed  under  conditions  of  irrotat ional  flow, 
end  half  ia  performed  under  conditions  of  equilibrium  flow.  An,  inoreaBe 
in  the  length  of  the  projectile  nose  contour  increases  the  duration  of 
impact  and  increases  the  relative  amount  of  equilibrium  flow,  with  a 
consequent  decrease  in  the  amount  of  plaetic  work  for  perforation. 
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Ductile  failure  by  shear  occurs  in  the  amor  near  the  point 
of  impact.  The  plate  failure  begins  with  the  formation  of  a  star  crack 
near  a  pointed  projectile,  and  a  circular  crack  near  a  blunt  projectile. 
The  plastic  energy  required  to  open  the  petals  of  a  star  crack  is 
spread  out  to  a  distance  frcm  the  impact  hole,  whereas  the  energy  required 
to  punch  out  a  cylindrical  plug  is  concentrated  along  the  cylindrical 
surface  of  the  plug.  The  energy  required  by  a  pointed  projectile  is 
therefore  greater  than  the  energy  required  by  a  flat  nosed  projectile. 
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B3 

13. ft 

11.1 

non* 

.51 

2.02 

£.74 

3"  AP  Dw  QA303  (LlgUt  e*p) 

m 

13.9 

10.4 

non* 

.51 

2.02 

£.74 

3“  kV  D»  DA304  (R**vy  e«p) 

m 

14. B5 

le.l 

non* 

.51 

2.02 

2.74 

3"  AP  On  3001  (6"  A1  Mk  11-1) 

cs 

14.5 

3.2 

non* 

.375 

£.67 

3.33 

3”  AP  Mk  29  (EX  UA305) 

m 

13.0 

le.l 

2.6 

.33 

1.94 

2.37 

3"  AP  Ilk  29-1 

cs 

13.0 

1C.1 

2.9 

.33 

1.94 

2.37 

3"  AP  Mk  29-2 

OLDS 

13.0 

16.1 

3.0 

58  R. 

.33 

1.94 

2.37 

3"  AP  itt  29 -A 

cu 

13.0 

11.5 

£.9 

.33 

1.94 

2.37 

3"  AP  Mk  29 -B 

cs 

13.0 

15.  4 

£.0 

.33 

:.9i 

2.37 

3"  AP  ULk  29 -C 

cs 

13.0 

10.9 

2 . 9 

.33 

1.94 

2.37 

3"  AP  Mk  29-*23 

0U>s 

13.0 

16.6 

3.0 

-0.05 

1.70 

1,65 

3"  AF  Hit  29- *34 

OLDS 

13. 0 

18.  1 

3.0 

-O.li 

1.36 

1.27! 

3"  A?  M6i  \0"  DA301) 

CS  US 

14.0 

14.3 

£.3 

47  Rr 

*0.02 

1.925 

2 . 97 

3-  AP  M62 

BS 

14-0 

13.9 

2.3 

*5  R£ 

.33 

1.94 

2.37 

r  AP  M62 

CHIV 

14.5 

1).9 

2.) 

38  RC 

.31 

1.94 

2.)7 

3*.  a*  ^79 

LT  FA 

13.0 

non* 

Don* 

con* 

0.024 

2 , 3(1 

3.60 

3”  iixpr  Dr  5£  (H**l*pli*r*) 

FA 

13  2 

none 

non* 

non* 

.OCO 

1.00 

J.,00 

3**  Ixpr  D*  53  (Typ*  A-l  body) 

FA 

15.2 

non* 

non* 

non* 

.33 

2.00 

2  45 

3'’  Kxpr  Dm  54  (Typ*  A  body) 

FA 

15.2 

non* 

non* 

non* 

-0.09 

1.92 

1.02 

3"  Ixpr  JX  53  (Typ*  A-l  oap) 

FA 

15.3 

non* 

non* 

non* 

►0.04 

2.73 

2.00 

3”  Sxpr  IX  56  (M&ilte  0*p) 

FA 

15.3 

non* 

none 

non* 

- 

- 

- 

3“  Sxpr  IX  57  (Mk  11  o*p) 

FA 

15.0 

non* 

non* 

non* 

- 

- 

- 

3"  Kxpr  Dm  50  (3  o»i  o*l**) 

FA 

15.3 

non* 

non* 

non* 

.909 

3.  32 

3.22 

3"  Irpr  ix  59  (4  o*i  o*lt*) 

FA 

15.3 

uonr 

non* 

m>n* 

.934 

3.80 

8.)  J 

3"  A1  Ixpr  (7.6  lb  fl*i  dom) 

FA 

7.4 

non* 

non* 

non* 

_ 

.00 

,00 

3"  AT  Ixpr  (11  lb  Hat.  noa«) 

Tk 

10.7 

non* 

none 

non* 

- 

.00 

.00 

3"  Ap  Ixpr  (13  lb  flat  no**) 

FA 

14.9 

non* 

non* 

non* 

-■ 

.00 

.00 

3"  AP  Expr  (riat  note  *  W6 ) 

CS 

1.1.0 

non* 

non* 

i  .6 

“ 

.  00 

.  00 

4"  Cooa  Mk  10-1 

HP 

33 

non* 

non* 

4"  Cch&k  Mk  16-1 

l#f 

33 

3.0 

4.7 

3.9 

.00 

£.50 

3.04 

3”  Corns  Mk  15-14 

JR 

5tj 

non* 

non* 

3"  Go&ffi  Mk  32-4 

CS 

54 

4.0 

non* 

S .  0 

5**  OoteE  Mk  30- 1 

CS 

55 

3.7 

7.0 

7,0 

00  HB 

.07 

2, 70 

4.54 

*  ■'  C-ram  Mk  46-1 

i:  S 

v, 

1 . 7 

5.0 

6.8 

.  >4 

2,ti^ 

an 

3 "  Coras  Mk  46-7 

BS 

*  s 

.?  7 

h  fl 

6.8 

.•  «4 

2  .  S3 

3-H 

6 rt  Coffiffl  Mk  20-  2 

MP 

105 

non* 

non* 

ft-  Ccw  Mk  20-4 

C-S 

1  05 

non* 

non* 

ft"  Cutm  U.  27  I 

Efj 

i  Oft 

2 . 1 

4.0 

ft .  1 

.  79 

i: ,  £  ft 

5,44 

6"  Cqbd:  Mk  27  -  2 

CS 

105 

ft.  4 

.06 

2.61 

4 . 07 

6"  Coaa  Mk  £7-3 

MS 

105 

2 . 1 

6 .  3 

5.1 

.70 

2.32ft 

3.45 

ft”  Cofife  Mk  27-4 

M3 

105 

2.1 

8.3 

5.1 

.70 

2 .  ?J!5 

3.45 

6”  Com&  Mk  27-5 

CS 

103 

2.1 

ft .  2 

ft.  3 

.66 

2,61 

4 . 07 

ft"  Cufl*  Mk  2  7  6 

MS 

1  ()  5 

2.1 

5.7 

ft.  0 

.  70 

2,32  ft 

5.4ft 

6"  Couac  Mk  27-7 

as 

1  o  5 

£ .  1 

ft.  £ 

ft.  1 

,06 

2,61 

4 . 0? 

f>‘~  Voms,  Mk  27  ft  (IX  lukft 07  j 

m 

105 

i ,  i 

4.0 

5.  1 

,79 

2,25 

3,44 

6"  Com  Mk  33-1 

m 

105 

2 . 1 

5.2 

5-1 

.06 

2.61 

4.07 

o’*  Coeae  Hk  33  2 

as 

105 

£.1 

ft .  £ 

ft.  1 

.  86 

.  6 1 

(  .  07 

15ft  ;jJU  Ml  12 

m 

100 

1.4 

r,.3 

4.li 

6”  Ap  Mk  9-1 

PS 

105 

7,5 

non* 

.47 

2.80 

3 . 8  ft 

6"  hi  Mk  9-6 

Ft- 

1  Oft 

V.i 

.  4? 

i.vu 

-an  ft 

6"  kr  MX  36- j 

UM 

1 3ss 

5 . 3 

2  -  c 

:m 

8"  AP  Mk  35-2 

mi- 

i.H 

1.3 

10.0 

5.* ,  3 

.  16 

1 . 03  5 

6"  AP  Mk  33.3 

w 

1  Mi 

i .  ft 

1  w .  1 

i.  .  ft 

•  21 

1 ,77 

2 , 0 1 

ft"  AJ  Mk  35-*  ux  i . ; 9 i  1  j 

ifi 

1  5 

20  f 

2 .  ft 

*0.1; 

1,61 

1  , 

ft"  AP  Mk  3r,-ft 

Wi 

i  30 

1  .  ft 

Hi  O 

7  1  H;- 

-0.  1  ft 

i.i'i  r. 

i  ,  M:-ft 

ft "  *i  Mk  35-6 

C3 

130 

1 ,3 

19. 6 

2, 1 

-  0  =  o? 

1.315 

i .  t  ft 

6’  ii  k£  35-7 

f?i 

13<j 

1  -  ft 

£(J  ,  ft 

£  ,  ft 

ft  !•  Hi 

*d-  ii! 

1 , 61 

I  ,  73 

iftu-:  sm  AF  Mk  1-1 

W.< 

13o 

1  .ft 

=Vf:  {; 

2,3 

i  .48 ft 

0.76  t  0.03 


0.10  i  0.02 


0.4V  1  0.03 


0.42  4  0.02 
G.43  i  0.o2 

C  -  #  0.10 
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l*KUl  X 
$  (test  iaywC } 


..  josaaut- 

(lb) 

_ mau _ _ 

- UB 

..IktAfiUL. 

*  Oib 

_ 

iJC 

e-  ew  atk  k-i 

M3 

MO 

4.2 

4.3 

3,6 

a-  o*m»  Uk 

m 

.t>S0 

4.4 

10. « 

*.6 

•  *  ttama  ME*.  17-1 

06 

*40 

4.0 

.. 

3.6 

ft-  Gw  ku  17-1 

MB 

*60 

4.0 

4.7 

3.7 

0*  Cow  Hk  17-3 

m 

MO 

4.0 

3.7 

3.9 

0-  DM*  Wt  17-4 

m 

MO 

4-0 

4.X 

3.7 

E'  Cow#  Mk  If  {M©4-  1 

c a 

8*0 

4.0 

fl.O 

0,6 

r  kh-s 

us 

SAC 

&.1 

4.0 

1.1 

A"  4r  «k  u-i 

iff 

*40 

6.1 

s. a 

1.3 

0"  AP  19-1 

08 

*•0 

1.4 

u.s 

4.* 

•'  IP  Mk  It -2 

MB 

*40 

1.4 

1S.3 

4.9 

•*  AP  Mb  10*4*1 

» 

SAC 

1.4 

16.3 

9,1 

B-  AP  Hk  i*-4 

OB 

*eo 

1.4 

16.7 

9.3 

r'  A?  Mb  19-8 

Iff 

BAO 

1.4 

IT. 2 

S.O 

«*  *P  Mk  If  6 

C8 

*A0 

1.4 

16.7 

0.3 

tt  kT  Ut  *0-1 

MB 

*60 

1.3 

lS.fl 

4.6 

0*  AP  MM  *0-* 

00 

*40 

;>s 

18.  a 

4.9 

0-  A?  Mb  2C~4 

w 

*60 

1.3 

16.2 

S.l 

f"  A?  Mb  «0-3 

1C) 

MO 

1.3 

17,1 

3.1 

O'  AP  Mk  *1-1 

css 

335 

1,3 

17.3 

£.3 

fl"  AP  Mk  21-2 

M 

5J5 

1.5 

17.0 

1.4 

*"  AP  Mk  no 

v* 

335 

1.5 

17-  J 

1.3 

1*’  AP  Mb  14-6 

m 

075 

£.6 

9.7 

1.1 

.47 

l*-  AP  Mk  19-6 

- 

070 

£.6 

6.E 

0.6 

.47 

1**  A?  frpat  A-l 

M3 

114C 

1.9 

13.0 

1.8 

.31 

1R-  AP  SCI  lij-l 

CS 

1140 

1-5 

10-® 

1.2 

.09 

14*  M.P  Mb  16-2 

MS 

1300 

1.5 

a. 5 

£.1 

.70 

14'  AS  Mb  16-3 

SB 

IbOO 

1.5 

0.5 

£.1 

.59 

14-  AP  Mk  16-4 

*} 

1900 

1.5 

10.0 

£.0 

.77 

14-  Lf  Mb  16-T 

w 

1900 

1.5 

10.1 

£.1 

.£7 

H-  A?  Mb  14-e 

GS 

1600 

1.5 

10.2 

£.3 

.10 

14”  AF  Mb  16-8 

MB 

1300 

1.6 

11.0 

8.4 

-0.26 

14"  AjP  Mb  16-10 

ns 

1900 

1.3 

1*.£ 

2.3 

-0.13 

14"  AP  Mb  »,0-^ 

C3 

1900 

1.3 

10,1 

£.4 

♦  0.0* 

16-  AP  Mb  *-l 

MS 

*100 

£.4 

5.3 

1.1 

.47 

16“  AP  Mk  9-4 

ff 

fiJUO 

1.3 

10.6 

2.2 

.16 

16a  AP  Mb  el 

Cfl 

*700 

1-9 

9.7 

1.8 

.46 

If  A F  Mb  e-£ 

*) 

*70© 

1.5 

7.6 

1.7 

.14 

16"  A0  Mb  0-3 

MB 

*700 

1.9 

11.0 

1-8 

.34 

16*  AP  Mb  64 

03 

If  00 

1.5 

9.0 

1.0 

.17 

16-  AP  Mb  ©.  5 

m 

*700 

1.3 

9.3 

1.7 

. )  6 

16'  AP  KJt  3-6 

m 

2700 

15 

11.6 

1.2 

- 17 

16"  AP  ryj>~  B--i 

co 

3090 

1-3 

10.0 

1.7 

.06 

1000  lb  AP  Brab  Kb  33 

975 

15.0 

doa# 

norxa 

.91 

1600  lb  AP  Bowb  Mb  1-1 

03 

194C 

15.0 

son# 

nona 

.89 

i~7 

__  >/* 

»•/* 

i  .  M  - 

0,39 

2.66 

3.74 

0.43  i  0.03 

.49 

£.63 

S.£ft 

.71 

8.45 

5.65 

.59 

£.43 

3.74 

.76 

2.97 

3.83 

.71 

£.45 

3.65 

0.47  1  0,04 

.379 

2.69 

3.38 

.379 

£.69 

3.38 

0.37  i  0.02 

.71 

1.06 

£.77 

0.31  t  0. U£ 

.16 

1.035 

£.01 

C.10  1  0.03 

.16 

1.035 

2,02 

.14 

1.B55 

2,02 

Bsasisilsictt, 

■  AMfiQui  C.ml  *&3  foundry  Cu, 

•  ft*  t  tl  1  ©  h  act  SV*«1  Oo. 

■  H*  1 1 1  *h  , 

•  WuA* i  #ha*l  Co. 

»  *  CMa^rolst  Dlvlaloa,  Motors  Carp. 

■  Cmeibla  8t»*l  Co. 

-  fimakford  AJ-*r*»»J 

■  Firtb  Otari  lag  Ht«*l  Co. 

•  Ss rr  1 * bu rg  Pip*  a*9  pip*  ©and  lag  Co. 

■  1*6# r* oil  Maa4  Co. 

'■  ft»*  UlountNi  Co. 

‘  M*tfc*&*  Proluot*  Ct*. 

•  ra*  KUni«  co, 

■  “  01d#*obil*  Dl¥i*t«,  a*e*r«i  Motor*  Carp. 
'  fLeatiasy 

;  PflBS#t{)6 
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™  «i*d  b/ *  ar#  p-  ru*i»rt  lii  ih#  #jproilJMt*»  aquation  for  tb* 
aot»  aontour ,  sop  b  that  o/a  is  th»  r«»lo  of  l#nAtb  to  a«rnlti  ia&#t«r 
of  io»  Bppri.’iiaat«  ooaa  ooTJtoor.  aftd  ( i  /£/:,(  b/  a ;  i*  tha  eot»n«*sit 
of  tha  aaslangla  *t  tha  tip  of  la#  aoav. 

b*/a  ia  tha  ratio  of  aajor  ail*  to  al»or  a*l*  >-.f  th*  *<iui*aiant 
oil!  paoldal  no»*- 

g  la  th«  ilior###*,  d  u«  to  £lff*r«BO*  if»  aoa*  soap*,  of  tha  rat  lo 
p/d ,  ■b*f#  p  1*  th«  <S*ptb  of  p*a«tr«tloi>  at  e.rlklng  velocities 

lass  tb»ii  1  i«ii  ,  fefi<5  d  is  ifc»  pro j*«t  1  1  s  dliiatii  : 
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Tab la  II 

Parameter*  of  the  0&iv« 


R 

(Calibers ) 


b 


a  , 


a 


2stf  sror 


““-'5T“ 

n«  4 


•  5 

1.000 

0 

J. 

3 

.  fc 

1.183 

•  286 

.  3682 

.8 

1.483 

.  545 

.  4019 

1.0 

1.  ?32 

.  666 

.4184 

1.8 

1.  949 

.  737 

.4282 

1.5 

2-236 

.800 

.4371 

2-0 

2.  646 

.857 

.4454 

3.0 

3..  317 

.  909 

.  4530 

4.0 

3.  873 

.  933 

.  4566 

CO 

au 

1.000 

.  4667 

Table  IV  -  Plate  penetration  eoeff ideate  for  georae ideally  slail&r 
scale  Model  service  type  Z  pdr.  projectiles  at  normal 
obliquity  vs  honogeneoue  plate  corrected  for  tensile 
strength  to  115000  (lb) /(in) 8  tensile  strength-  Ogival 
radius  =  1.40  calibers.  (Reference  (2)) 
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UNCLASSil-'itO 

ruble  VI  -  Pleto  penetration  coefficient*  for  uncepped  37®.  AP  HS1B2  projoetllee,  3"  AP  1479  projectile*,  end  otb»r 
3"  sonabloo  projectiles  re  Cleee  B  eraar  or  STS  corrected  for  teoelle  strength  to  115000  (lb)  /  4  In.)  * 

)  tent  tie  strength.  (heference  (3)) 


Project  He 

Phttm 

tlunber 

T®n«il© 
Strong tb 

e 

r 

d 

Unoorreotod 

H‘~.  6) 

a 

Correotod 

F(-,  6) 

a 

(10"")U^.8) 

d 

(1+0)  (1+0) 

3"  ij>  S470 

1478 

123000 

30" 

.655 

433001500 

12.28 

.996 

3"  AP  Type  A-oep 

n 

« 

5.5* 

.652 

465001500 

14.  ID 

.995 

« 

n 

2».5# 

.652 

44000il000 

12.82 

1.028 

37su  AP  U51B2-oep 

8333* 

98500 

)• 

.7fH 

4 7 400 ±5  CO 

49900 

18.  77 

1.  104 

3*  AP  W79 

9*73 

107000 

*,  ft 

1.60 

51600 £500 

52600 

46*5 

1*  000 

3"  Ktpr  Pw  39  (4  eel,  ogi.e) 

» 

•• 

-5* 

1.  69 

480001300 

49B00 

41.9 

•  895 

37m  AP  K5W2-c*p 

*0226 

105000 

l^ 

1.379 

504001300 

52000 

37.3 

1.030 

3"  AP  M79 

n 

» 

30" 

•  660 

407001330 

420C0 

11.80 

.  935 

37we  AP  BSlBZ-eep 

404  V  7 

112000 

.5* 

1.007 

501001100 

50500 

25*7 

1.060 

3”  ap  sirs 

- 

- 

29.  7V 

.460 

412001200 

41600 

6.46 

.995 

37me  AP  ttSlBl-oep 

40500 

120000 

2* 

1.005 

509001100 

30200 

25.3 

1.047 

3"  AP  M79 

" 

20-8* 

.408 

410001200 

6.20 

,967 

3*  **pr  (16  lb.  f let  noee) 

M 

•< 

1" 

.480 

286001200 

3.99 

*405 

Pt 

" 

*• 

30* 

.488 

30600*500 

4.54 

.535 

« 

"  ^ 

45" 

.406 

32«OOigOO 

5*27 

.  567 

J^sctSon  from  the  osnter  of  n  !fl.  8*  pint*. 


9  w»y  v  wfvr  rr<m  «nr  tn  « 


Teblo  VI  *  (Continued) 


Projcotll* 

PUt# 

MU»b«r 

Teneilo 

Strength 

a 

4 

d 

Tjncorrected^ 

4e> 

Corrected 

4e) 

uo-*)i/ti  a) 

a 

(i+a)  (H<4) 

37«tt  AP  U51B£-o»p 

<0502 

1C5000 

l* 

1.017 

48000  ±500 

50300 

25.7 

1.048 

3"  AP  MV# 

- 

•  3* 

.495 

43900*100 

43400 

10.20 

1.013 

ft 

" 

" 

20* 

.495 

42100*100 

43500 

9.37 

.995 

ft 

ft 

»t 

30* 

.490 

40200*200 

41700 

e.32 

1.000 

3"  ap  a?9 

4001V 

117000 

29.3* 

.507 

41300*200 

41700 

8. 82 

.906 

3”  Expr.  (15  lb.  flat  no««) 

»♦ 

» 

30* 

.507 

31200*300  ■ 

.  32100 

5.22 

•  580 

3"  E*pr.  (Is  lb.  ISO*  eons) 

ft 

" 

31* 

.510 

33900*200 

34900 

6.21 

.700 

3"  AP  ¥79 

40916 

113000 

29.  3* 

.498 

41300*200 

41700 

8.66 

.992 

3*  Expr.  (15  lb.  flat  noee) 

- 

ft 

30* 

.501 

3200 0±  200 

32100 

5. 16 

.589 

»» 

ft 

87000 

30* 

.502 

29300 12 00 

32100 

3.17 

.589 

37 »»  AP  M51B2--c»p 

55909 

JlftOOO 

0* 

.835 

47900*300 

19.16 

.996 

ft 

" 

19.5* 

.836 

<7600±300 

19.00 

1.  048 

ft 

" 

" 

30. 3* 

.841 

44300*300 

16.50 

.997 

3"  AP  M79 

* 

2* 

.400 

43300*3110 

7.72 

•  1.008 

3"  AP  Typ.  A-a*j> 

» 

" 

8' 

.409 

4400011000 

7-  92 

1.041 

37***  Ap  M5lB2-''.*p 

35360 

123000 

3* 

.433 

40700tj000 

7.17 

.857 

m 

* 

" 

31* 

.433 

385001500 

6.42 

.  905 

37ntt  AP  B51B2-e»p 

60  V 19 

uyjoo 

n  * 

-  443 

478001200 

10. 12 

1.  175 

M 

” 

29-5* 

'.444 

418001500 

7  76 

1.041 

3*  AP  Typ.  A-3BP 

- 

» 

10“ 

-212 

340001500 

2.45 

1.028 

ft 

" 

* 

31* 

.21.3 

30500*500 

1*93 

.  957 
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Table  VI  ••  (Continued) 


Project il« 

Plat® 

pftwher 

Ten*  He 
.Strength 

e 

« 

d 

UBearre®t»<i 

6) 

a 

Corrected 

49) 

(10”®)// (^,6) 

U to)  (l-M 

37bb  HP  JdSiSS— 

63880 

12200c 

4* 

.504 

48800*200 

12.00 

1.168 

« 

*» 

30-3* 

.504 

43300x300 

9.45 

1.070 

3"  AP  M79 

rt 

H 

4* 

.244 

3«sootaoo 

3.32 

1.031 

3"  Bxpr.  Om  S2  (He*iapb»r<i| 

w* 

.3* 

.244 

34900*500 

2.  97 

a  940 

3"  Bxpr.  Du  33  (TyP*  A-l  body) 

w 

" 

2* 

.244 

36600*500 

3-27 

1.033 

3’  Bxpr.  0.  34  (Typo  A  body) 

TV 

* 

1.3* 

-244 

35900*500 

3.  14 

a  994 

3"  Kxpr.  Dw  35  ITyP*  A-l  cap) 

»♦ 

*1 

4  * 

*244 

309001200  ’ 

3.32 

1.033 

3"  sxpr.  Co  36  (H31B2  nap) 

H 

” 

0* 

.244 

35900*200 

3-14 

.  994 

3"  Bxpr.  Dw  37  (ifit  U  cap) 

" 

* 

5* 

.244 

36200*300 

3-  20 

1.013 

3"  Expr.  Dw  38  (3  cal.  ogtr«) 

W 

" 

.3* 

.244 

379001300 

3.49 

1.  102 

3*  Bxpr.  Dm  3#  (4  cal.  ogl.«) 

" 

1* 

.244 

37300+200 

3.39 

1.074 

3"  Sxpr.  Ill  lb.  flas  ooaw) 

n 

" 

3* 

.244 

336001300 

3.00 

.272 

3"  AP  M79 

n 

- 

45* 

-244 

314001500 

2.40 

.939 

3"  Bxpr.  Dw  32  (Hwnlapher*) 

H 

»» 

45* 

-244 

>  35600 

>3.09 

>1.243 

3"  Bxpr.  O*  53  (Typ«  A-l  body) 

•« 

>« 

45* 

•  244 

±  33600 

<2.  79 

<1.  122 

3"  Bxpr.  D»  54  (Tyjw  A  body) 

" 

W 

43* 

.244 

^  33300 

>3.04 

>1.  224 

3"  Bxpr.  Dw  33  (Typa  A-l  cap) 

n 

*4 

45* 

.244 

336001200 

2.  74 

1.103 

3"  Bxpr.  Dw  3ft  (U51B2  cap) 

" 

H 

45* 

•  244 

31600*1000 

2.44 

-  981 

3"  Bxpr.  Dw  37  <Mk  11  o.p) 

K 

H 

45* 

.244 

31300*1000 

2.39 

.  962 

y  Expr.  Dw  SQ  (3  cal.  ogire) 

" 

H 

45* 

.244 

30100*1000 

2.21 

,890 

3”  Bxpr.  Dw  39  U  cal.  ogtxa) 

" 

45* 

.244 

3010011000 

2.21 

.  890 

3"  AP  M79 

07207 

125000 

0* 

.ttoy 

44500*500 

16.02 

.666 

** 

” 

30* 

.809 

43J  00*500 

15.03 

.  946 

3"  AP  Typo  A-cap 

H 

" 

I* 

.  619 

45000*500 

16-58 

.  082 

3"  AP  T/pe  A-i-a«P 

" 

n 

28..  5* 

-619 

45000*500 

16-56 

1.013 

37ma  AP  M51B2-cap 

87547 

130000 

3* 

1.  34 

55500*1000 

53100 

37-  0 

1.089 

-lanuf  'nmui  HP  ™*.  WMWflpnp  tvkvm  iwrwi  w*.  f  sr/aruir.  JJ^r^r  wv  tjr  »nw  wr  **  n  rt.rt  i 
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Table 

[  -  -  . 

VI  - 

(Coatinued) 

1 

Term!  la 
Strength 

e 

e 

ri 

Uneorrecfcad 

«> 

Corrected 

f£e> 

(io'8)y(^.e) 

a 

(l-kr)  (i-to) 

122000 

4° 

.504 

43800*200 

12.00 

1.168 

ft 

50.5° 

.504 

43300*500 

9. 45 

1.076 

If 

4® 

.244 

36900*200 

3. 32 

1.051 

ft 

.5° 

.244 

34900*500 

2.97 

.  940 

If 

2° 

.244 

36600*500 

3.27 

1.033 

ft 

1.5° 

.244 

35900*500 

3.14 

.  994 

»• 

4° 

-244 

36900*200* 

* 

3.32 

1.053 

*1 

0® 

.244 

35900*200 

3. 14 

.  994 

l» 

5® 

-244 

36200*300 

3.20 

1.015 

II 

.5° 

.244 

37800*300 

3.49 

1.  102 

»» 

1* 

.244 

37300*200 

3.  39 

1.074 

ft 

3® 

.244 

35500*500 

3.08 

.972 

ft 

45" 

•  244 

31400*500 

2-40 

.969 

f» 

45° 

•  244 

i  35600 

>3. 09 

>1.245 

»» 

45° 

•  244 

i  33800 

<2.  79 

<1.  122 

ff 

45° 

.244 

^  35300 

>3.  04 

>1.  224 

W 

45® 

.244 

33500*200 

2.  74 

1.103 

fl 

45° 

•  244 

31600*1000 

2.44 

.  981 

It 

45” 

•  244 

31300*1000 

2.39 

.  962 

It 

45” 

.244 

30100*1000 

2.21 

.890 

t» 

45° 

.244 

30100*1000 

2.21 

,890 

125000 

0° 

.809 

44500*500 

16.  02 

.866 

ff 

30® 

.809 

43100*500 

15-03 

.  946 

n 

1° 

.819 

45O00*5C0 

16.58 

.  882 

*t 

26.  5® 

.819 

45000*500 

16.56 

1.013 

130000 

3® 

1.  34 

55500*1000 

53100 

37.8 

1.089 

W4R  njB  ^  piutowimwiwv*  ure.Mtir* IV*WB  v*^vi-w  »/w  * 
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Tablo  VI  -  {Contlausd) 


Tonsils 

StPMDgth 


130000 


116000 


113000 

119000 


*0  ° 
,)< 


,  43  e- 

,  459 


•’*  'Jov  ±iqq 
idSHOOtbOO 


e 

e 

d 

Uncorraefced 

f(~,  Q) 

a 

Corrected 

4e) 

( 10"^  )x/(^e  0) 

a 

(llcr)  (i+w) 

i* 

*  650 

4V300±200 

14.54 

l.  0%6 

4* 

i* 

0* 

0* 

1° 

1* 

3" 

.650 

.649 

•  649 

•  649 

•  650 
.650 
.651 

44800*700 
48000 ±£ 00 
483001300 
4?400±200 
464001200 
45»00±300 
46100*200  . 

13.05 

15.46 

15-14 

14. 50 

13.  99 

13.69 

13.84 

.920 

1.092 

1.070 

1.030 

.887 

.966 

.974 

30* 

-652 

438001500 

12.  51 

1.025 

30° 

30* 

30  » 

30® 

30° 

•■  652 
•  652 
.652 
.  652 
.652 

454 001200 
458001200 
45000i200 
440001500 
430001800 

13.  44 

13.  68 

13.  20 

12.  62 

12-06 

1. 101 

1. 120 

1.081 

1.034 

.987 

la 

1.-367 

53300i300 

53000 

38.4 

1.080 

30* 

•  659 

43200 ±£00 

43000 

12, 18 

,985 

O  » 

1® 

•  510 

*  944 

4  83001200 
508001200 

48600 

50200 

12.04 

23. 8 

i  £)X 

1  v  062 

id* 

30® 

35® 

45  * 

r*  © 

KJ 

3® 

•455 

•  455 
•460 

•  460 

•  45? 

.4  f>4 

45800±200 

407001200 

398001200 

416001200 

330OOHOOO 

303001500 

9.54 

7. 54 

7  *  29 

7-  96 

4-  98 

1.  06-4 

.  980 
.  985 

i.  115 

•  555 

-  565 
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Table 

VI  - 

(Continued) 

Uncorrected 

Corrected 

Tensile 

Strength 

e 

* 

d 

F(^.G) 

a 

%  k 

f(l*e) 

a 

(lV8)tf(~  0) 

a 

(l+<?)(i+u 

.124000 

30° 

.347 

3 9000 ±2 00 

5.28 

1. 036 

117000 

4" 

.673 

486001100 

48300 

15.70 

1.063 

If 

.5* 

.326 

40300*300 

5.29 

.985 

t« 

30,.  5° 

.  673 

44100*500 

43900 

12.07 

1.026 

w 

30° 

.326 

.34900*200 

3,97 

.062 

118000 

0" 

.206 

34300*100 

2.42 

1. 061. 

»* 

0° 

.207 

34000*200  ' 

2.52 

1.092 

w 

45* 

.206 

29200*500 

1.76 

.973 

•t 

45* 

.206 

23400*200 

1.13 

.625 

132000 

5* 

1.375 

55000*800 

52400 

37.8 

1.053 

119000 

3° 

.541 

46500*200 

11.  70 

1.038 

tl 

30* 

.540 

42000*800 

9.52 

.  986 

tt 

nr  o 

.  260 

35800*200 

3.33 

,  931 

tl 

0° 

.  259 

33800*200 

2.  96 

.  843 

w 

20.  5° 

.260 

33500*500 

2,92 

.936 

»c 

44.5° 

.263 

31500*1000 

2.  61 

.935 

115000 

50® 

.  662 

43900*200 

43900 

12.  76 

1.  023 

30® 

.  662 

41100*500 

41100 

11.  18 

.697 

31° 

.  656 

>39300 

>39300 

>10. 13 

>.831 

UNCLASSIhdJ 


Table 

VI  - 

(Continued) 

Tens lie 
Strength 

0 

& 

d 

Uncorrected 

4°>  ' 

Corrected 

4e> 

a 

(H<r)  (l+<*>) 

65000 

0“ 

.  65? 

43700*200 

48500 

15. 45 

1, 074 

n 

20  « 

.660 

40000*200 

44400 

13. 01 

.932 

ti 

29.8° 

.  657 

37900*200 

42100 

11.  64 

.941 

119000 

20® 

.  650 

38800*1000 

9.  78 

.003 

ii 

30* 

.  658 

41800*200 

11.50 

.930 

106000 

1“ 

.827 

48900*200 

50300 

20.9 

1.100 

152000 

3° 

.  431 

42800*500  . 

7.90 

.950 

»< 

0" 

.429 

27600*200 

3.  27 

.395 

130000 

0° 

1.036 

50900*400 

26.0 

1. 070 

ii 

1° 

.505 

46100*300 

10.73 

1.040 

12.5000 

•  5° 

.  669 

47000*200 

46000 

14.53 

.907 

m 

1° 

.  673 

29000*1000 

28000 

5.  58 

.377 

127000 

1° 

1.055 

49500*400 

47000 

24.  1 

.940 

108000 

0° 

1.  36 

49500*200 

50600 

34.8 

.  984 

n 

0° 

1.  39 

50800+200 

51900 

37.  4 

1.031 

ii 

0° 

1-  39 

51200*500 

52300 

38.0 

1.  048 

it 

0° 

1.  .39 

50900*200 

52000 

37.6 

1.056 

it 

Qa 

1.  39 

47900*500 

40900 

33,  2 

.  916 

•« 

0° 

1.  365 

47200*200 

48200 

31.  7 

.  090 

109000 

1.5° 

.  900 

45500*200 

46300 

21.0 

.096 

PIMULMOOIFICU 


Table  VI  -  (Continued) 


Tensile 

Strength 

e 

45 

d 

Uncorrected 

Corrected 

4e> 

a 

(l-hy)(l+w) 

116000 

0° 

1.  6.3 

530001500 

53000 

45.8 

1.023 

w 

.  5* 

1.  615 

532001200 

53200 

45.7 

1.035 

IV 

.  5* 

1.  62 

50700x500 

50700 

41.6 

.940 

f 

37000 

4.5® 

1.  69 

523001300 

55400 

51.9 

1.113 

M 

3° 

.819 

461001200 

48800 

19.50 

1.  042 

n 

20® 

.  823 

444001300 

47000 

18.18 

1.028 

n 

30® 

.023 

437001500*  ' 

46300 

17.  64 

1.007 

121000 

0® 

1.016 

49400*500 

48500 

23.9 

.976 

1° 

1.02 

50000  ±1000 

49100 

24-  6 

.999 

101000 

0* 

1.35 

487001100 

50900 

35.0 

1.000 

101000 

0° 

1.  35 

497001200 

51900 

36.4 

1,040 

UNCLASSIFIED 

Table  VII  -  Plata  penetration  Coefficients  for  A P  oowbe  vs  Class  Q  Piste  corrected  for  tensile  'strength 


to 

X 15000  (Xb) / (in) * 

Tensile  Strength  st  15  AC- 

A. 

Bomb 

Plate 

Number 

Tensile 

Strength 

e 

i 

d 

Unoorreoted 

'<?«> 

Corrected 

f'A.  0) 

a 

(10  ■•)b£.B) 

d 

(x-wMi+u)  . 

0080 

12"  SAP  ti58Al 

XB631 

121000 

21  • 

.160 

2  26200 

>1. 10 

>  .05 

.934 

12.2"  SAP  T3 

3A737AI 

107000 

20* 

.162 

i  36000 

<36ft00 

<2-20 

<1.66 

.0*0 

n 
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(l)  ♦'Armor  P®n»t m c ion  of  cal  » SO  Bullets  of  Various  Contours'', 

H.  W.  Biker  and  T.  A.  Read,  Fr&nfcford  Arsenal  Report  No.  R-615. 

(May,  1945} 

(£)  "The  effect  of  th<*  shape  of  the  head  of  AP  shot  on  critical  veloc¬ 
ities  for  pane t rat  Ion  at  normal"  R.  MacPhail,  Proof  and  Develop- 
merit  Eetatlishrocntj  Valcsrtier,  p.  Q.  Canada  (May  1943)-  "Second 
progress  Re port  on  the  Investigation  of  Scale  Effect  in  Armour 
Penetration-  Effect,  of  Hardness  on  Plate  Performance" .  D-  G.  Sopwith, 
A.  F*  C-  Brown,  and  V.  {/•  Hickson,  National  Physical  Laboratory 
Report  No.  50  (February,  1943).  ’Third  Progress  Report  on  the 
Investigation  of  Scale  Effect  in  Armour  Penetration.  Firing  Trials 
at  Normal  attack  with  geometrically  similar  Shot  against  Homogeneous 
Amour  of  varied  Hardness."  A.  F-  C.  Brown  and  V.  M-  Hi  eke  on, 

National  Phy@jc.al  Laboratory  Report  No.  79  (September,  1944). 

(3)  "Penetration  of  Homogeneous  Annor  by  3"  Flat  Nosed  Projectiles" 

NPG  Report  no.  7-43  (April  1943).  ’The  Effect  of  Nose.  Shape  on 
Ballistic  Performance  of  15  lb.  3"  AP  Solid  Shot  Against  Homogeneous 
Armor  Plat®",  NPG  Report  No.  £-43, 

(4)  "Ballistic  Summary.  Part  I-  The  Dependence  of  Limit  Velocity  on 

Plate  Thickness  and  Obliquity  at  Low  Obliquity".  NPG  Pamphlet 
Report  No.  2-46  (March,  1946). 
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